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Nephron Clin Pract 2014;127:1-3 DOI: 10.1159/000365735 2 Acute kidney injury (AKI) is increasingly recognized as a major contributor to adverse outcomes including the development of chronic kidney disease (CKD) . Several studies have demonstrated that lack of recovery from AKI is associated with worse outcomes, including higher mortality, reduced functional status and increased resource utilization. Recent evidence suggests that the duration of AKI is an important factor determining outcome in addition to the underlying severity of injury. Consequently, there is a major imperative to focus our efforts on enhancing renal recovery as early as possible to ensure a complete return of renal function to ultimately improve outcomes from AKI. However, there are several gaps in our knowledge of the pathophysiology and clinical course following AKI that contribute to non-recovery. This round table conference was designed to review our current understanding of the underlying biology and epidemiology of recovery following AKI to identify targets for intervention and define the best diagnostic and therapeutic strategies to enhance complete recovery after AKI. The conference convened international experts representing basic, translational and clinical researchers in AKI who focused on three broad themes: the epidemiology and clinical determinants of renal recovery; the biology of renal recovery, and strategies to identify, track and target recovery. Each participant was asked to prepare a summary of their assigned topic reflecting the discussion. These are presented as a compilation in this issue of Nephron Clinical Practice . We have summarized the key areas that were discussed below.
A key issue that was discussed was the variation in definitions for renal recovery in the literature that have made it challenging to establish the epidemiology of renal recovery. While the definition of AKI has undergone standardization over the last decade, beginning with RIFLE [1] and most recently with the KDIGO clinical practice guideline [2] , there is no real consensus around what is meant by recovery. In most instances, recovery has been linked to the severity of AKI and evaluated as a continued need for renal replacement therapy or an improvement in renal function to within a particular range (e.g. 20%) of the initial renal function prior to AKI. Unfortunately, defining a reference point for comparison is not always feasible since a significant number of patients with AKI are first seen without any prior knowledge of their level of renal function. A related challenge for defining recovery comes from the competing endpoint of death. It has been long recognized that patients with CKD are more likely to die than progress to end-stage renal disease [3] . The same relationship is apparent after severe AKI, where many more patients who survive initial hospitalization will be dead at 60 days than on dialysis [4] . This relationship is complicated further by the age of the patientyounger patients are more likely to survive long enough to suffer the long-term complications following AKI. As such, creating robust definitions for AKI recovery is both critical and challenging. The outcomes following AKI include both renal (CKD and end-stage renal disease), nonrenal outcomes (e.g. cardiovascular events) and mortality. Renal outcomes are subject to various forms of bias. For example, dialysis use may be subject to some degree of clinician judgment and patient preferences may also impact the endpoint. Creatinine too has an imperfect relationship to renal function, especially at higher glomerular filtration rate (GFR), and may be impacted by changing muscle mass -common in critically ill patients. Thus, real and 'real-time' measures of GFR might be better suited to monitor these patients. In addition, creatinine and GFR might return to normal and yet there may be a loss of renal functional reserve (the ability to increase GFR in response to a protein load). Efforts to quantify this defect may also be important in the context of assessing recovery. Despite these limitations, several clinical factors, including the severity, duration and frequency of kidney injury, have been associated with a lack of recovery and represent measurable factors for developing clinical prognostic models.
Given the complexity and uncertainty in defining recovery after AKI, there is significant difficulty in determining the risk factors and underlying mechanisms for failure to recover. Advanced age is a strong predisposing factor for non-recovery, and various mechanisms from telomere shorting to cyclin-dependent cell senescence have been described to explain this relationship. However, there is also complexity and controversy surrounding the effect of aging on susceptibility to fibrosis [5, 6] . While several biological pathways, including mitochondrial dysfunction [7] , hypoxia [8] , apoptosis [9] , autophagy [10] and immune modulation [11] , have been identified in experimental models, further research is needed to evaluate the interplay of these different mechanisms. The role of resident stem cells in kidney repair and the differences in injury models in contributing to repair versus progression continue to be areas of intense research.
A framework for assessing renal recovery was proposed to encompass conceptsof renal functional reserve, inception, timing and magnitude of renal functional return. These measurements can be further enhanced by incorporation of novel biomarkers of kidney damage and repair. The inclusion of renal functional recovery as an independent endpoint or in combination with other endpoints, such as death, dialysis or persistent renal dysfunction (e.g. 25-50% reduction in GFR), to build a composite endpoint termed major adverse kidney events was discussed [12] . The occurrence of major adverse kidney events at 30, 60 or 90 days are outcomes that are clear and relatively easy to obtain for clinical trials. Events at 90 days are preferred since early endpoints may still be unstable. Further studies will be necessary to validate these concepts. Several molecules targeting specific pathways identified for injury, repair and progression are in various stages of development, and early clinical trials and their results will serve to advance this field.
In summary, this round table conference highlights an emerging area for focused attention. Based on the discussion, it is evident that there is a great need for further improving our knowledge of the underlying mechanisms, course and outcomes of recovery following AKI, as well as for developing tools for assessing likelihood of renal recovery, differentiating recovery from progression and identifying therapeutic targets for enhancing recovery from AKI. We anticipate that the discussion from this conference will provide a framework for future endeavors in this area and a means to improve our patient's lives.
